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ABSTRACT 
Fathead minnows (Pime.phales promelas) were maintained 
through 2 generations under controlled environmental 
conditions (20-25°C; 16 h light: 8 h dark) in the Wet 
Laboratory at SUNY-Brockport. Fish were cultured in reuse 
systems; 2 units for adult fish (segregated by sex), 1-2 
units for subadult fish and juveniles, and 1-2 units for 
breeding fish. Each unit consisted of a 244x61x30 em trough 
and a 0.07lt- m3 biological filter composed of 2.5-7.6 em 
gravel and crushed oyster shells. Water flowed by gravity 
from the trough to the biofilter and was returned to the 
trough by a submersible pump, at a rate of 42-114 L/min. 
The reuse systems required less maintenance (5-10 
min/day/unit) and promoted better survival and growth than 
the 30 L static units also used to maintain fathead minnows. 
Consistent re_production was usually obtained within 7 days 
after 4 males and 8 females were introduced to a breeding 
unit. Intracoelomic hormonal injection, with 10 IU Human 
Chorionic Gonadotropin, promoted earlier spawning and 
increased egg deposition. Feeding studies using 3 different 
prepared feeds, Artemia, and controls (no food) were run 
with < 24 h old fry and terminated after 30 days. Best 
survival (>86%) and growth were obtained with Artemia; 
survival with prepared feeds was poor (<20%). There was no 
apparent benefit from combining Artemia and prepared feeds. 
JlU'.E.QD.UC T I ON 
The fathead m~nnow (~ prom,=-Jas) is a standard 
freshwater toxicity testing organism, the ··white rat·· of the 
aquatic '\vorld. Extensive use of the fathead minnow for 
toxicity testing has occurred within the last decade, 
particularly since passage of the Clean Water Act in 1977 
(Federal Register 1983). Since passage of this act most of 
the emphasis has been on the chemical analyses of pollution 
entering our waterways, but recently more attention has been 
directed to biomonitoring (monitoring of water quality by 
biological rather than chemical tests). 
The federal government and several states, including 
New York, have started to include biomon.itoring of 
discharges as part of the N.P.D.E.S. (National Pollutant 
Discharge Elimination System) and S.P.D.E.S. (State 
Pollutant Discharge Elimination System-New York) permitting 
process (Federal Register 1983, U.S. EPA 1983, N.Y.S. DEC 
1984). Biological monitoring can be more economical and 
quicker than running a full chemical scan of the effluent. 
It can also provide a more accurate assE~ssment of the 
effects that a discharge has on aquatic organisms. 
Procedures for chronic and acute toxicity testing of 
discharges promulgated by the United States Environmental 
Protection Agency (U.S. EPA) and the New York State 
Department of Environmental Conservation (N.Y.S. DEC) 
mandate the use of larval fish, (not just fathead minnows) 
up to 30 days of age (Jones 1985, Norberg and Mount 1985). 
McKim (1977) determined that the embryo-larval and early 
juvenile stages of fish, including the ~athead minnow, are 
the most sensitive to toxicants. Norberg and Mount (1985) 
found that, based on the results of the subchronic test, the 
toxicity threshold of fathead minnows at seven days post 
hatch appears to be in good agreement with the MATC (Maximum 
Acceptable Toxicant Concentration) established in both 
partial and complete life cycle toxicity tests (e.g. Zinc; 
Subchronic test--lower and upper effect limits = 85 ug/L and 
130 ug/L, respectively; complete life cycle test--lower and 
upper effect limits= 78 ug/L and 145 ug/L, respectively). 
Because results of biomonitoring tests can influence 
regulatory decisions, culturing methods and testing 
procedures must be standardized. Recent publications (e.g., 
Denny 1987, Peltier and Weber 1985, Jones 1985) have 
standardized some procedures. but much remains to be 
addressed, particularly in regards to the availability and 
health of the organisms used in a test. Although culture 
techniques for the fathead minnow in ponds are well 
documented (e.g., Giudice et al. 1981, Piper et al. 1982) 
and the minnow can survive, grow and reproduce in the 
laboratory (Denny 1987, Peltier and Weber 1985), problems do 
exist: primarily the inability to obtain consistent 
year-round spawning success and identification of an 
acceptable diet for recently hatched fish. To facilitate 
reproducibility and comparability .of results from toxicity 
tests with the fathead minnow. fry must be available when 
needed and a standard diet must be identified. In 
laboratory rearing of fathead minnows many different diets 
and diet combinations are used (Mr. William Ewell. Eastman 
\ 
Kodak Company, personnal communication), but there is no 
published data which quantitatively determines the best diet 
for larval fathead minnows. 
Few studies have addressed the nutritional status of an 
organism before and during a test, although for rainbow 
trout, it has been shown that nutritional factors can affect 
organism response in acute toxicity tests and affect growth 
during chronic toxicity tests (Mehrle et al. 1977). A diet 
commonly used to rear fathead minnow fry is Artemia or brine 
shrimp (Peltier and Weber 1985, Norberg and Mount 1985, 
Jones 1985). Leger and Sorgeloos (1985) reported that brine 
shrimp are used for greater than 80% of aquatic species 
cultured. However different geographic strains of Artemia 
can influence the survival and growth of fish (Beck and 
Bengston 1982, Usher and Bengston 1981). Other diets used 
to rear the fathead minnow include the Zeigler AP 100 diet 
(Mr. William Ewell, Eastman Kodak Company, personnal 
communication), trout chow (Mount 1973, Brungs 197la) and 
Tetra-min flakes (Smith et al. 1978); none of these diets 
have been compared analytically nor has their effectiveness 
been quantified. 
Two major factors that control spawning activity in 
fish are temperature and photoperiod. In nature the fathead 
0 
minnow starts to spawn when water temperature reachs 16-18 C 
and photoperiod approaches 16 h light/8 h dark. Spawning 
continues throughout the summer until temperatures drop 
below or exceed acceptable levels (~eltier and Weber 1985). 
Manipulation of photoperiod and temperature in the 
laboratory has promoted year-round spawning activity, but 
results are variable (Dr. I.R. Adelman Univ. of Minnesota, 
personnel communication). With proper manipulation of 
environmental conditions, it should be possible to initiate 
and maintain the physiological changes in the minnow 
necessary for successful year-round spawning. If these 
changes prove inadequate then injection of hormones may help 
stimulate spawning activity. Hormonal injection is commonly 
used in several commercially important and difficult to 
propagate species (ie. the common carp (~yprinius carpio) 
and striped bass (Morone saxatilis); Piper et al. 1982, 
Rothbard 1981). It is possible that hormonal injection will 
stimulate spawning activity in the fathead minnow. 
The objectives of this study were: to promote more 
consistent spawning of the fathead minnow in the laboratory 
through environmental manipulation and, if necessary, by 
hormonal injection and to determine which of the diets 
examined (Artemia 111 Tetra-min, Zeigler AP 100 and Purina 
trout chow No.2) promotes the best survival and growth of 
the fathead minnow fry for the first 30 days post-hatch. 
MATERIALS AND. METHODS 
EUlLSource 
Parental fish were obtained from a pond population (Mr. 
George Ester, baitfish culturist, Canandaigua. NY). Fathead 
minnow eggs and fry used in the experiments were obtained 
from these parentals. which were maintained and spawned ~n 
the Wet Laboratory at SUNY College at Brockport. 
Laboratory Setup 
The Wet Laboratory (48 m2) contains five reuse systems 
and a variety of static units that were used to hold and 
breed the minnows. Each reuse system consists of a 
244x61x30 em trough; divided lengthwise 'With a center board; 
a 0.074 m3 biological filter consisting of 2-8 em gravel and 
crushed oyste~ shells (3 parts gravel; 1 part oyster shells) 
and PVC piping connected by plastic tubing to a 1/40 hp 
submersible pump which circulates the water back to the fish 
holding unit or trough (Figure 1). A settling basin can be 
incorporated into the system to concentrate and facilitate 
removal of suspended solids (Figure 1). Water used in the 
lab was tap water. from Lake Ontario. provided by the 
village of Brockport and dechlorinated within the laboratory 
by an activated carbon filter and sod.iurn thiosulfate drip 
system. The laboratory was maintained on a 16 h light/8 h 
dark photoperiod. Lighting was fluoresc.ent soft white and 
provided approximately 460 lux at ~ank height. Aeration for 
the entire lab, provided by a compressor, was filtered to 
remove any oil or moisture before the air reached the tanks. 
A tank of oxygen was available for backup aeration in case 
of an emergency. Water temperature in all breeding and 
holding units was maintained at 17-25°C. 
Breeding Setup 
Broodstock were segregated by sex. using methods 
modified from Flickinger (1969) and Peltier and Weber 
(1985), in reuse systems until needed. All juveniles and 
broodstock were fed Purina Trout Chow No.2. A ratio of one 
male to two females was used in all breeding units. 
Substrate -huts·· for egg deposition consisted of 10-12 em 
long sections of PVC pipe (10 em diameter) cut in half 
(modified from Till, 1977). Observations (general condition 
of the fish. excess food, atypical behavior indicative of 
stress, etc.), egg counts and water temperatures were taken 
daily (at approximately 1000 hours) in all of the breeding 
units. The breeding units were held at 25±2°C and a 16 h 
light/8 h dark photoperiod. These culture conditions were 
not tested experimentaly because they are already well 
established in the literature (Peltier and Weber 1985; Denny 
1987). These conditions were relatively constant throughout 
the year (control of ambient temperature was limited, 
particularly in winter) and usually induced spawning of 
fathead minnows within seven days after the mature males and 
females were combined in breeding units. These conditions 
therefore produced the eggs needed for the diet studies. In 
the colder months of January and Febuary, these conditions 
were not sufficient to promote spawning activity and to 
obtain an adequate number of eggs (approximately 150, the 
minimum requirement to run a basic toxicity test). This 
then was the basis for the hormonal injection studies. 
Dissolved oxygen, pH, alkalinity, and nitrogenous 
wastes were monitored biweekly (Table 1). A Hach kit 
(DREL/5) measured total ammonia-nitrogen (TAN), nitrite-
nitrogen and nitrate-nitrogen. The ammonia-nitrogen values 
were converted to unionized ammonia because this is the form 
that is most toxic to fish and is the basis upon which water 
quality criteria are set. I tested the accuracy of the Hach 
kit by analyzing EPA reference standards. Recovery 
efficiencies were between 90% and 110% for all three 
nitrogen parameters monitored (ammonia-nitrogen, nitrite-
nitrogen and nitrate-nitrogen) (Table 2). 
Hormonal Injection 
When environmental manipulation proved inadequate to 
produce the desired number of eggs (usually December through 
March), I tried to enhance reproductive success by injection 
with Human Chorionic Gonadotropin (HCG). Ripe females 
(45-60 rom TL) were injected intracoelomically near the 
distal tip of the pectoral fin with 10 IU HCG as described 
in Clemens and Sneed (1962). Preliminary observations with 
virgin females. injected at different dosages. determined 
that a 10 IU dose per fish was effective and did not appear 
to excessively stress the fish (e.g •• continued to feed. no 
abnormal behavior). Only female fathead minnows required 
hormonal injection. males usually assumed spawning behavior 
and readiness upon transfer to a breeding unit. Every test 
consisted of an experimental and control tank. each with 
eight virgin females. four males and four breeding 
substrates. Control fish were not injected. All fish used 
v1ere F-1 generation fish. laboratory bred and reared. Three 
tests were conducted in the fall of 1986 with HCG obtained 
from Wards Biological Science. The experimental conditions 
were the same as those used for the breeding setup (e.g •• 
25°C water temperature and a 16 h light/8 h dark 
photoperiod). All tests were run for seven days since 
environmental manipulation alone typically produced spawning 
within sev~en days. Fish were injected and put into the 
breeding units on day one and removed on day seven. 
Temperature. observations and egg counts were recorded 
daily. Water quality parameters for each treatment 
(ammonia-nitrogen. nitrite-nitrogen. nitrate-nitrogen. pH. 
alkalinity. dissolved oxygen and water exchange rate) were 
measured once during each test. between day three to five. 
Fish w'ere observed daily at approximately 1000 h for 
spawning activity or any problems (e.g •• disease:·jumpers··). 
Huts were removed and checked for eggs when it appeared that 
spawning activity had ceased. This usually occurred before 
1200 h. 
_Djet Stydies 
Egg Production 
Eggs spawned within a 24 hour period were considered a 
cohort and were incubated together to provide the fry used 
in the feeding studies. Before hatching, eggs were dipped 
in a 1667 ppm formalin solution for 15 minutes to control 
fungal growth (Warren 1981), rinsed with fresh water and 
transferred to the fry incubators (2 L static units). The 
formalin dips continued daily until the majority of the eggs 
eyed up (approximately three days post spawn or two days 
pre-hatch). Formalin treatment after the fry eye-up could 
precipitate a premature hatch and was therefore avoided. In 
addition, dead eggs (opaque in appearance vs. translucent 
for viable eggs) were removed by hand daily to prevent 
damaging the developing embryos or a premature hatch. 
On day three post-spawn, eggs were removed from the 
··huts·· with a rubber policeman into a dissecting pan and 
then transferred to the test chambers (2 liter cube-tainers) 
(Figure 6) using a wide-mouth pipet to minimize handling 
stress. The day before hatch (day four post-spawn) a small 
amount of the appropriate food was added to each test 
chamber. This was to assure that newly hatched fry would 
have food readily available since fry start feeding 
immediately after hatch and also because we could not 
predict with great accuracy the exact time of hatching. On 
the day of hatch, fry were counted and the formal feeding 
routine started (see below). Hatch day was considered day 
one of the experiment. All experiments were terminated on 
day thirty. 
Test Chambers 
The test chambers and the water delivery system were 
designed as a miniature flow~though system. Before water 
entered the system it was heated, aerated and dechlorinated 
in a holding tank (approximately 110 liters) within the 
laboratory. Water was delivered to the test containers via 
a modified 1.3 em PVC pipe with 15 ports, one for each test 
chamber, (Figure 6). Attached to each port was a piece of 
flexible 0.64 em Nalgene tubing which directed the water to 
the individual test chambers. The inflow was regulated by 
screw clamps. Discharge from each chamber was controlled by 
a spigot-type screw cap. covered with SOum plankton mesh. 
that allowed water to exit and prevented loss of food and 
fry. Each container held 2.25 L and received 6-19 ml/min 
(one volume exchange every 2-6 h). Air was delivered to the 
test chambers via a plastic, disposable 1 ml pipet connected 
by tygon tubing to the main aeration system. All test 
chambers were placed in a water bath to moderate any 
fluctuations in ambient air temperature. 
Feeding Routine 
The feeding experiments employed eight different diets, 
most run in triplicate with 10 fish per replicate (Table 5). 
The Brazilian strain of Artemia was used in all studies. 
This strain was recommended by Peltier and Weber (1985) 
because of its low level of pesticide contamination. Beck 
and Bengston (1982) have shown this strain to be of suitable 
nutritional value with little variability in it's 
characteristics. 
Fry were fed to satiation, determined by observation, 
twice daily at approximately 0830 and 1700 h. Most 
ingestion occurred within one hour after the food was 
presented, but the fry would continue to feed sporadically 
thoughout the day. Daily maintenance included removal of 
uneaten food and feces, measuring temperature and observing 
the condition of the fry. Parameters measured weekly were 
water flow rate (adjusted as needed), pH, alkalinity, 
dissolved oxygen and total ammonia-nitrogen, 
nitrite-nitrogen and nitrate-nitrogen (Table 1). 
At the end of each test all fish were killed with an 
overdose of MS-222 (tricaine methanesulfonate), patted dry 
with kimwipes and individually weighed on an analytical 
balance to the nearest mg; total length was determined to 
the nearest mm. Dry weights were then determined for each 
lot of fish after oven drying at 100°C for 24 hours and 
cooling in a dessicator for 24 hours. 
Statistics 
Hormonal Injection 
Biological data for the hormonal injection tests (days 
to first spawn, days to spawn >100 eggs, largest daily 
spawn, and total eggs per test) were analyzed using the 
Stats Plus package on an Apple lie computer by one-way 
analysis of variance (ANOVA). Data from all three tests 
were grouped together and compared. The null hypothesis was 
that hormonal injection had no effect on time to first 
spawn. time to spawn >100 eggs and the total number of eggs 
spawned. Water quality parameters were also analyzed by 
one-way ANOVA on the results within each test and with the 3 
tests combined. to determine if there was a significant 
difference between injected and non-injected fish. The null 
hypothesis was that water quality had no effect on spawning 
activity .. 
Diet Studies 
Data from the dietary studies were examined by one-way 
ANOVA with the Apple lie using Stats Plus or the StatPro 
package. The null hypothesis was that survival and growth 
of fish maintained on the different diets were identical. A 
mean temperature for each test was determined by pooling 
together all of the daily temperatures for each chamber with 
fish living in it for all 30 days of each test. These 
values were then statistically compared with Stats Plus. 
There was a significant difference (P<O.OOl) in water 
temperature between the summer tests (tests 1 and 2) and the 
fall test (test 3). Therefore, the biological parameters 
(survival and growth) were analyzed by the summer or fall 
groupings. All replicates within each diet were grouped 
together and then analyzed with Stats Plus according to this 
summer or fall designation. 
Because the survival and growth of fry maintained on 
the non-Artemia diets was negligible, statistical analyses 
of the water quality parameters focused on differences 
between the Artemia alone and Artemia combination diets. 
For each test, the water quality parameters (e.g., D.O., 
nitrogenous wastes) for each replicate within each diet were 
grouped together and then analyzed. Two comparisions were 
made: Artemia vs. Artemia/Tetra-min and Artemia/Zeigler; 
and Artemia/Tetra-min vs. Artemia/Zeigler. The null 
hypotheses were that no differences existed in water quality 
within culture systems fed Artemia alone and Artemia in 
combination with prepared feed and that the water quality in 
units receiving the prepared rations was not different. 
RESULTS 
Hormonal Injection 
It was hypothesized that hormonal injection would 
facilitate spawning activity in January and February when 
spawning activity was reduced, and also decrease the time to 
first egg deposition after the fish were placed into a 
breeding chamber. 
To test this hypothesis three tests were run, all for a 
seven day duration. Test 1 commenced on 10/21/86, Test 2 on 
10/28/86 and Test 3 on 11/4/86. The effects of hormonal 
injection were statistically significant (P<0.05) only for 
the total number of eggs produced within the seven day 
period (Table 3 and Figure 5). There were no statistically 
significant differences in the other biological parameters 
measured, alt~ough a trend exsists that indicates hormonal 
injection promotes earlier and greater egg deposition. 
Hormonally injected fish initiated spawning activity sooner 
than the non-injected fish (1.67 days vs 3.00 days, 
respectively; Figure 2), produced spawns greater than 100 
eggs sooner (3.33 days vs 5.33 days respectively; Figure 3) 
and produced larger numbers of eggs per spawn (192 vs 68; 
Figure 4). To determine if there was a significant 
difference in sizes of the females, the total length of all 
females used (injected or non-injected) was determined. The 
lengths were pooled and compared by one-way ANOVA. There 
was no significant difference in size of the females 
(P>0.05). Monitored water quality parameters did not differ 
between or within tests (Table 4) and were well within the 
ranges determined to be acceptable for reproduction and 
maintenance of fathead minnows (Brungs 1971a; Brungs 1971b; 
Lewis and Morris 1986; Mount 1973; Russo and Thurston 1977; 
Thurston et al. 1979; Thurston et al. 1983; Thurston et al. 
1986). 
Diet Studies 
Biological Data 
Tests 1 and 2 were conducted in summer 1986 at mean 
temperatures of 24.5?c and 24.7°C, respectively. Test 3 was 
conducted in early fall 1986 at a significantly lower 
(P<0.05) mean temperature of 22.4°C. Because the 
differences in temperature are significant, the results are 
treated by the summer (tests 1 and 2) and fall (test 3) 
designations .. 
Combining tests 1 and 2 together resulted in six 
different treatments (Artemia, Control (no food), Purina 
Trout Chow No.2, Tetra-min, Zeigler AP 100 and 
Tetra-min/Zeigler AP 100; Table 5). No control fish or fry 
fed Purina Trout Chow No.2 survived (Table 6). Survival of 
fry fed Tetra-min (20%; SD=10 %) and Zeigler AP 100 (10%; 
SD=17%) was poor (Table 6). Combining the Tetra-min and 
Zeigler did not improve survival (3.3%; Table 6). Survival 
averaged 85% (SD=9%) and 96.7% (SD=6%), respectively for fry 
fed Artemia alone in tests 1 and 2 • This was significantly 
better (P<O.Ol) than survival of fry maintained on the other 
rations (Table 6). Wet and dry weights (mg) and lengths 
(mm) for the fish fed Artemia were significantly greater 
(P<O.Ol) than for fish maintained on the other diets (Table 
6) • 
In test 3 (Control, Tetra-min, Zeigler AP 100, Artgmia, 
Artemia/Tetra-min and Artemia/Zeigler), there was no 
survival of the control fish or fish maintained on 
Tetra-min; survival of fry fed Zeigler was only 10% (Table 
7). Survival was not significantly different between the 
Artemia. diets 
(average = 100% vs. 100% vs. 90%), respectively (Table 7). 
There were also no significant differences between the three 
treatments relative to fish weight or length (Table 7). 
Water Quality 
Artemia, Artemia/Tetra-min and Artemia/Zeigler were the 
only treatments that promoted acceptable survival. 
Therefore assessments of water quality were made in two 
seperate groups: Artemia alone vs. the two Artemia 
combination diets, and a grouping of the other diets which 
had poor survival (Control. Purina trout chow. Tetra-min, 
Zeigler AP 100 and Tetra-min/Zeigler AP 100). 
Throughout the dietary tests (summer and fall 1986) 
alkalinity and pH of the inflow water (sample taken at the 
holding tank) were within acceptable ranges for survival and 
growth of the fathead minnow (Mount 1973. Thurston et al. 
1979). A~nonia-nitrogen, nitrite-nitrogen and 
nitrate-nitrogen of the inflow water were also well within 
values det~ermined to be safe for fathead minnow eggs and fry 
(Thurston 1et al. 1979; Table 8). 
For the ··other diets·· group (Control, Purina trout 
chow, Tetr.a-min, Zeigler APlOO and Tetra/Zeigler) 
comparisio:ns of water quality were made between diet groups. 
There were no statistically significant differences (P>O.OS) 
within any water quality parameters measured except for 
nitrite-nitrogen within the Zeigler AP 100 treatment in test 
3 (P<O.OS; Table 9). 
Within the Artemia and Artemia combination groups there 
were no significant differences (P>O.OS) in water quality 
within the diet replicates or between the 3 diets, except 
for unionized ammonia. Unionized ammonia was significantly 
higher (P<O.Ol) in the Artemia/Tetra-min diet than in the 
Artemia/Zeigler and Artemia treatments (average = 4 ug/1 vs. 
2 ug/1 vs .. 2 ug/1, respectively; Table 10). 
DISCUSSIOIS( 
Hormonal l'njection 
Hormonal injection significantly increased the total 
number of eggs produced during the seven day test period .. 
This sugge~sts an enhancement of breeding success in the 
hormonally injected fish. This result is consistent with 
observational and experimental data, where injected fish 
consistently produced greater numbers of eggs in a shorter 
time than the non-injected fish. However differences in 
these experiments were not statistically significant, 
perhaps due to the small sample size (n=3). My experiments 
also indicate that hormonal injection did not have an 
adverse effect on long term reproductive capability of the 
fathead mlnnow because hormonally-injected fish 
(wild-caught, F-1 and F-2) have consistently produced eggs 
over many months after injection. 
When using hormonal injection to induce spawning in 
female fish, size and degree of sexual development are very 
important. If the fish are not ripe or sexually matures 
injection with HCG will not induce reproduction since HCG 
stimulates ovulation and not gamete development. Another 
critical factor is freshness of the HCG and the conditions 
under which it is stored. If not reconstituted and kept 
refrigerated and in the dark, HCG can be stored for about a 
year (Dupree 1985). Once reconstituted HCG should be 
refrigerated and used within 60 days (Wards 1987). I 
observed that effectiveness of the hormone preparation 
gradually diminished when stored for several weeks. This is 
consistent with the literature (Ward's 1987). It appears 
that hormonal injection with HCG can be useful ln producing 
greater numbers of eggs but more data is needed to quantify 
other p~ssible benefits. 
levels of pesticide contamination. Beck (1980) demonstrated 
with the Atlantic silverside (Menidia menidia), that the 
Brazilian strain promoted good survival (82%) and growth 
when compared to selected Italian, San Pablo Bay, 
California, and Utah strains. In contrast, Usher and 
Bengston (1981) observed, with the Sheepshead minnow 
(CyprindQn yarie~atus), that fish fed San Pablo Bay brand 
Artemia exhibited significantly greater growth than fish fed 
the Brazialian strain, but exhibited similar survival. An 
anomaly in this is that according to a chemical breakdown, 
Artemia naupuli are deficient in 4 amino acids thought to be 
essential to fish: histidine, methionine, phenylalanine and 
theonine (Robinson and Lovell 1984, Sorgeloos 1980). Why 
then do the formulated feeds, which supposedly contain all 
the essential amino acids, minerals etc., not provide even 
marginally acceptable growth and survival? Obviously if the 
fish do not ingest the food they will not survive; but what 
about the fish in these experiments that ingested the feed 
and survived but did not grow well? 
It is possible that the formulated feeds are missing 
something (e.g., a micronutrient) that is found only in 
Art~. It is also possible that this is a unique 
situation existing only with the fathead minnow and that if 
this experimental design was repeated with a different 
species the results would be different. In past work with 
fathead minnow juveniles and adults, I observed that fish 
were much healthier when a natural food (ie. frozen Artemia, 
bloodworms) ~s supplemented once daily to the normal dry, 
flake food. Holm (1987), likewise found that live 
zooplankton enhanced growth of Atlantic salmon fry (.s..a.J.mQ. 
~) when compared to a dry diet alone. 
Another factor to be considered is availability of food 
to the organism. Artemia naupuli will stay alive and active 
in fresh water within the culture container for 
approximately 24 hours. Perhaps a fungus (eg. Saprolegnia 
sp.), whic:h is ubquitious in the environment, quickly covers 
the non-moving food particles thereby making them 
unavailable or unedible for the fry (Warren 1981) or perhaps 
the fathead minnow fry can not locate or refuse to ingest 
the food after it has settled out on the bottom. Another 
possibility is that essential nutrients leached out from the 
prepared feeds (e.g., water soluble vitamins). I tried to 
minimize these problems by bubbling air into the units, 
which not only kept the dissolved oxygen high but suspended 
the food particles. Also by feeding to excess twice a day 
there was less chance of food degradation. There is also 
the possibility of a behavioral reaction- perhaps the fry 
actually prefer live food, as has been suggested for walleye 
fry. 
Water Quality 
The purpose of my study was primarily to assess 
survival and growth of larval fathead minnows, therefore 
water quality measurements were performed as a monitoring 
tool to describe the culture conditions and to determine if 
the observed differences in survival and growth were due to 
the diets themselves or to possible adverse environmental 
conditions. Results from chemical monitoring were divided 
into 2 groups: 1 group consisted of Artemia, Artemia/ 
Tetra-min and Artemia/Zeigler AP 100. This group, as 
mentioned previously, exhibited high survival and good 
growth. The other group consisted of all the other diets, 
which were characterized by poor survival and growth. 
In looking at the Artemia group (Artemia, 
Artemia/Tetra-min, Artemia/Zeigler AP 100), pH, alkalinity, 
nitrite-nitrogen, nitrate-nitrogen and temperature were all 
within acceptable ranges for fathead minnow fry (Table 10) 
(Brungs 197la, Mount 1973, Russo 1977, Thurston et al. 
1979). There were no significant differences either within 
diets or between diets for these parameters. There were 
also no significant differences in dissolved oxygen 
measurements but the average values (7.5 mg/1 and 7.1 mg/1 
D.O.) for the first two Artemia tests were below 7.9, which, 
according to Brungs (1971) would reduce fry growth. 
However, Thurston et al. (1979) states that these values are 
acceptable for fish growth. Even if growth was reduced due 
to the lowered dissolved oxygen, it is still significantly 
greater (P<O.OS) than the growth of the fish maintained on 
the other non-Artemia diets. 
All diets analyzed, including the control, had 
unionized ammonia values well below the chronic effects 
theshold concentration (CETC) of 0.27 mg/L (Thurston et al. 
1986)s This value is based on survival, growth and 
reproductive success and is a common chronic endpoint. 
However, based on histological damage, the CETC is estimated 
to be 0.15 mg/L unionized ammonia (Thurston et al. 1986). 
The mean unionized ammonia in the Artemia/Tetra-min 
treatment (test 3) is significantly greater (P<0.01) than 
the Artemia or Artemia/Zeigler treatments. This did not 
appear to have an effect though, on growth or survival, 
since growth and survival of fish maintained on the three 
. diets was similar. In addition, all unionized ammonia 
values are below the CETC (Thurston et al. 1986). Therefore 
it appears that unionized ammonia-nitrogen did not affect 
fathead minnow fry growth or survival in these tests. 
CONCLUSIONS 
1) Fathead minnows can be maintained and bred successfully 
in reuse systems within the laboratory year-round. 
2) In the winter months or any other time when breeding 
success is low, reproduction (total number of eggs produced) 
can be enhanced by hormonal injection of the females with 
HCG. 
3) Fry can be maintained successfully on a diet of freshly 
hatched (<24 hold) Artemja naupuli, preferably the 
Brazialian or another low-contaminant strain, for the first 
30 days post-hatch. Prepared feeds are much less effective 
within this period. 
1IT~~TURE CITED 
APHA (American Public Health Association). 1980. Standard 
methods for the examination of water and wastewater. 
15th ed. Washington, D.C. 
Beck, A.D. and D.A. Bengston. 1982. International study on 
Artemia XXII: nutrition in aquatic toxicology- diet 
quality of geographical strains of the brine shimp, 
Artemia. Aquatic Toxiciology and Hazard Assessment: 
Fifth conference. American Society for Testing and 
Materials (ASTM). STP 766, J.G. Pearson, R.B. 
Foster and W.E. Bishop, Eds. pp 161-169. 
Brungs, W.A. 197la. Chronic effect8 of constant elevated 
temperature on the fathead minnow (Pimephales 
promel,aa) Trans. Amer. Fish. Soc. No 4. pp 659-664. 
Brungs, W.A. 197lb. Chronic effects of low dissolved oxygen 
concentrations on the fathead minnow. J. Fish. Res. 
Bd. Can. No 28. pp 1119-1123. 
Buttner, J.K. and S.W. Duda. 1988. Maintenance and 
reproduction of the fathead minnow. Technical 
Manual. 35 pp. 
Clemens, H.P. and K.H. Sneed. 1962. Bioassay and use of 
pituitary materials to spawn warm-water fishes. U.S. 
Fish. Wild. Serv. Res. Rep. No. 61. 
Denny, J.S. 1987. Guidelines for the culturing of fathead 
minnows for use in toxicity tests. Environmental 
research ·laboratory (E.R.L.). Office of Research and 
Development. U.S. EPA. Duluth, MN. 
Dupree, H.K. 1985. Hormone spawning techniques. 
Aquaculture Magazine. May. pp 46-49. 
Federal Register. 1983. Toxic substances control; good 
laboratory practice standards; final rule. Part 3. 
U.S. EPA. November 29, 48 (230): 59937-59944. 
Flickinger, S.A. 1969. Determination of sexes in the 
fathead minnow. Trans. Amer. Fish. Soc. No 3. pp 
526-527. 
Giudice, J.J., D.L. Gray and J.M. Martin. 1981. Manual for 
bait fish production in the south. Univ. Ark. Coop. 
Ext. Serv. and U.S. Fish and Wildl. Serv. 
Hach .. 1986. Chemical procedures explained. Hach Chemical 
Company. Loveland, CO. 
Holm, J.C. 1987. Atlantic salmon start-feeding with live 
zooplankton: pressure shock treatment to increase prey 
availability. Aquacultural Engineering. No 6. pp 1-14. 
Jones, P .. A. Ed. 1985. N.Y.S. manual for toxicity testing 
of industrial and municipal effluents. N.Y.S. DEC 
Division of Water. Albany, NY. 
Leger, P. and P. Sorgeloos. 1985. Nutritional engineering 
improves outputs of brine shinp Artemi~. 
Aquaculture Magazine. Sept./Oct. 1985. pp 24-30 
Lewis, W.A. and D.P. Morris. 1986. 
fish. Trans. Amer. Fish. Soc. 
Toxicity of nitrite to 
No 115. pp 183-195. 
McKim, J.M. 1977. Evaluation of tests with early life 
cycle stages of fish for predicting long-term toxicity. 
J. Fish. Res. Bd Can. No 34. pp 1148-1154. 
Mehle, P.M., F.L. Mayer and W.W. Johnson. 1977. Diet 
quality in fish toxiciology: effects on acute and 
chronic toxicity. In: Aquatic Toxiciology and Hazard 
Evaluation. ASTM STP 634. F.L. Mayer and J.L. 
Hamelink. Eds. ASTM. pp 269-280. 
Mount, D.I. 1973. Chronic effects of low pH on fathead 
minnow survival, growth and reproduction. Water 
Research. No 7. pp 987-993. 
New York State Department of Environmental Conservation. 
1984. Acute and chronic testing in the SPDES permit 
program. Biomonitoring work group. Albany, NY. 
Norberg, T.J. and D.I. Mount. 
subchronic toxicity test. 
pp 711-718. 
1985. A new fathead m1nnow 
Env. Tox. and Chern. No 4. 
Peltier, W.H. and C.~. Weber. eds. 1985. Methods for 
measuring the acute toxicity of effluents to freshwater 
and marine organisms. Environmental Monitoring and 
Support Laboratory (E.M.S.L.). Office of Research and 
Development. U.S. EPA. Cinncinati, OH. 
Piper, R.G., I.B. McElwain, L.E. Orme, J.P. McCraren, L.G. 
Fowler and J.R. Leonard. 1982. Fish Hatchery 
Management. U.S. Dept. Int. Fish and Wildl. Serv. 
Washington, DC. 
Rothbard, S. 1981. Induced reproduction in cultivated 
cyprinids- the common carp and the group of Chinese 
carps: 1. The technique of induction, spawning and 
hatching. Bamidgeh. Vol. 33. No. 4. pp 103-121. 
Robinson, E.H. and R.T. Lovell (Eds.). 1984. Nutrition and 
feeding of channel catfish. Southern Cooperative 
Series Bulletin. No. 296. 57 p. 
Russo, R.C. and R.V. Thurston. 1977. The acute toxicity of 
nitrite to fishes. pp 118-131. In: Recent advances in 
fish toxicology. R.A. Tubb. (Ed.) U.S. EPA. 
Corvallis, OR. 
Smith, H.T •• C.B. Scheck and O.E. Maughan. 1978. Effect 
of population density and feeding rate on the fathead 
minnow. J. Fish Biol. No 12. pp 449-455. 
Sorgeloos, P. 1980. The use of the brine shimp Artemia 
in aquaculture. In: The brine shimp Artemia. Vol. 
3. Ecology, culturing, use in aquaculture. G. 
Persoone et al (Eds.) Universa Press. Belgium. 456 p. 
Thurston, R.V., R.C. Russo, C.N. Fetterolf. T.A. Edsail and 
Y.M. Barber. (eds.) 1979. A review of the EPA red 
book: quality criteria for water. American Fisheries 
Society. Bethesda, MD. 
Thurston, R.V., R.C. Russo and G.R. Phillips. 1983. Acute 
toxicity of annnonia to fathead minnows. Trans. Amer .. 
Fish. Soc. No 112. pp 705-711. 
Thurston, R.V., R.C. Russo, E.L. Meyn and R.K. Zajdel. 
1986. Chronic toxicity of annnonia to fathead minnows. 
Trans. Amer. Fish. Soc. No 115. pp 196-207. 
Till, J.E. 1977. Laboratory technique for obtaining 
fathead minnows for use in toxicity experiments. Frog. 
Fish Cult. No 1. pp 24-27. 
U.S. EPA. 1983. Water quality standards handbook. Office 
of Water Regulations and Standards. Washington, DC. 
Usher, R.R. and D.A. Bengston. 1981. Survival and growth 
of sheepshead minnow larvae and juvenilles on a diet of 
Artemia naupuli. Frog. Fish Cult. No 2. pp 102-105. 
Wards Biological Science Newsletter. 1987. Human chorionic 
gonadotropin. No. 38 W 2406. 
Warren, J.W. 1981. Diseases of hatchery fish. U.S. FWS. 
Twin Cities, MN. 
Wiggins, T.A. 1986. Effect of initial feeding rates of 
Artemia naupuli and dry diet supplements on the 
growth and survival of american shad larvae. Frog. 
Fish Cult. No 48. pp 290-293. 
Zeigler Aquaculture Newsletter. 1985. Gardners. PA. 
August. 
Table 1. Water quality tests and procedures used in the 
culture of fathead minnows in the Wet Laboratory 
at SUNY College at Brockport. 
ParameterR. Analytical Procedure Refere.nc.e 
Alkalinity Titrimetric APHA 1980 
( mg/L as Caco3 ) 
pH Ion-electrode APHA 1980 
Dissolved Oxygen Meter with APHA 1980 
(mg/L) Winkler calibration 
Temperature Mercury Thermometer APHA 1980 
(oC) (0-100°C) 
Total AmmRnia-
Nitrogen Nessler Hach 1986 
(mg/L) (Hach kit) 
Nitrate-Nitrogen Cadmium Reduction Hacb 1986 
(mg/L) (Hach kit) 
Nitrite-Nitrogen Diazotization Hacb 1986 
(mg/L) (Hach kit) 
A/ To convert total ammonia-nitrogen (TAN) to unionized 
ammonia. TAN is multiplied by 1.22 (Hach 1986). This 
value is then multiplied by a percentage corresponding 
to the relevant temperature and pH (table B-1; Piper 
et al. 1962). 
Table 2. Precision and accuracy of the Hach DREL/5 water 
testing kit. Precision data was provided by the 
Hach Chemical Company, Loveland,, Co. Accuracy data 
was determined by analyzing EPA reference standards 
(provided by the Monroe County Environmental Health 
Laboratory) and then determining the recoveries. 
The Hach ammonia and nitrite tests are presently 
approved by the U.S.EPA. 
Ammonia-nitrogen- 1 mg/L standard 
Sensitivity = 0.05 mg/L 
Hach kit value Recovery 
Replicate (mg/L) (%) 
A 
B 
c 
1.0 
1.0 
1.05 
100 
100 
105 
Nitrite-nitrogen- 0.2 mg/L standard 
Sensitivity = 0.005 mg/L 
Hach kit value Recovery 
Replicate (mg/L) (%) 
A 
B 
c 
0.19 
0.18 
0.18 
95 
90 
90 
Nitrate-nitrogen- 10 mg/L standard 
Sensitivity = 0.5 mg/L 
Repljcate 
A 
B 
c 
Hach kit value Recovery 
(mg/L) (%) 
10.5 105 
10.5 105 
10.0 100 
Table 3. Effect of hormonal injection (vs. non-injection) on 
spawning success of female fathead minnows over a 
seven day period. Three tests were run. A total 
of 24 female fathead minnows were used within each 
treatment. Mean water temperature of the three 
tests combined was 25.1°C (SD= 0.68). Photoperiod 
was maintained on a 16 h light/8 h dark cycle. 
Inje~ted Non-injected 
Days to Mean 1.67 3.00 
first spawn S.D. 1.15 1.73 
Days to Mean 3.33 5.33 
spawn > 100 eggs S.D. 1.53 2.89 
Largest Mean 192.67 68.33 
daily spawn S.D. 94.00 53.14 
Total eggs Mean 304.oo* 121.00 
per test S.D. 61.10 87.73 
Female Mean 52.50 51.46 
size S.D. 3.30 4. 77 
*I indicates statistical significance at P <0.05 
Table 4. Chemical and physical parameters of water used to 
hold fathead minnows during hormonal injection 
tests. There were no significant differences 
(P >0.05) in water quality within treatments or 
between the injected and non-injected fish within 
all three tests. Therefore the water quality data 
for all tests was combined and reported as a range. 
Temperature 
(oC) 
Dissolved Oxygen 
(mg/L) 
pH 
Alkalinity 
(mg/L as CaC0 3 ) 
Total Ammonia-
nitrogen 
(mg/L) 
Nitrite-nitrogen 
(mg/L) 
Nitrate-nitrogen 
(mg/L) 
Ran~es 
24-26.5 
7.4-7.8 
7.2-7,.7 
38-68 
0.1-0.15 
0.005-0.01 
30.0-42.5 
Table 5. Diets employed and number of fish used in 
experiments rearing fathead minnows from 
hatch to day 30 in the summer and fall of 
1986. Ten fry (less than 24 h old) were 
used within each replicate. 
No. of 
Replicates 
Test 1 (6/16/86-7/15/86) 
Artemia 3 
Purina Trout chow No.2 3 
Tetra-min 3 
Zeigler AP 100 3 
Control (un-fed) 3 
Test 2 C7/20/86-8L18/89) 
Artemia 3 
Tetra/Zeigler 3 
Tetra-min 3 
Zeigler 3 
Control (un..:..fed) 3 
Test 3 C9/11/B9-10/10/8p) 
Artemia 1 
Tetra-min 1 
Zeigler 1 
Artemia/Tetra 3 
Artemia/Zeigler 3 
Control (un-fed) 1 
Total Fish/ 
12i.e.t 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
10 
10 
10 
30 
30 
10 
Table 6. Survival and growth of fathead minnow fry 
maintained on different diets for tests one and two 
during summer 1986. 
Diets Survival(%) 
Control 
Test 1 
Test 2 
Purina 
Test 1 
Artemi.a 
Test 1 
Test 2 
1-Iean 
0 
0 
Trout 
0 
* 
85.0 
96.7 
Tetra-min 
S.D .. 
0 
0 
Chow 
0 
8.6 
5.8 
Test 1 20.0 10.0 
Test 2 3.0 5.2 
Zeigler AP 100 
Test 1 10.0 17.3 
Test 2 0 0 
Tetra/ 
Zeigler 
Test 2 3.3 5.8 
Wet Wt. (mg) Dry Wt. (mg) Length(mm) 
Mean S.D. Mean S.D. He an S.D. 
No.2 
115.8 1.5 23.3 0.5 23 .. 2 0.45 
115.5 8.7 24.0 2 .. 4 23.1 0.49 
3.4 3.0 <1.2A 8.9 1.56 
4.1 0.2 8.0 
17.3 11.0 2.1 12.3 2.90 
5.9 1.5 10.0 
*I Fry maintained on the Artemi.a. diet survived and grew 
significantly better than fry maintained on the other diets. 
There were no significant differences between the Artemis 
rep 1 icates. 
A/ 2 replicates were non-detectable 
Table 7. Survival and growth of fathead minnow fry 
maintained on different diets for test three during 
fall 1986. There were three replicate containers 
with ten fish per container in the Artemia/ 
Tetra-min and Art..e.m.ia/Zeigler AP 100 treatments. 
In the other treatments there was one container 
with ten fish per diet. 
Diets Survival(%) Wet Wt. (mg) 
Mean S.D. Mean S.D. 
Control 
* Artemia 
Tetra-min 
0 
100 
0 
Zeigler AP 100 
10 
Artemia/Tetra-min* 
100 0 
54.0 
2.4 
45.3 
Artemia/Zeigler AP 100* 
3.7 
90 10 49.5 11.2 
Dry Wt. (mg) 
l1ean S.D. 
10.4 
0.2 
8.6 0.7 
9.5 2.4 
Length(nnn) 
Hean S.D •. 
19 .. 0 
7.0 
18.1 0.50 
18.2 1.04 
*I Fry maintained on the Artemia and Artemia combination 
diets grew significantly better (P<0.01) than fry maintained 
on the other diets. There were no significant differences 
between the -Artemia and Artemia combination diets. 
Table 8. Chemistry of inflow water used in all diet 
studies. N.D.=non-detectable. There were no 
significant differences (P >0.05) within any 
of the parameters tested. 
Parameter 
pH 
Alkalinity 
(mg/L as CaC0 3) 
Total Ammonia-
nitrogen 
(mg/L) 
Nitrite-nitrogen 
(mg/L) 
Nitrate nitrogen 
(mg/L) 
11 6.2--7 .o 
11 80·-93 
10 N.D.·-0.1 
10 N.D.·-0.005 
10 N.D.-0.6 
Table 9. Water quality parameters within culture units fed 
prepared feeds during diet studies. Given value 
is the mean of replicates within that test for 
that diet. Value in parentheses is the standard 
deviation. 
NH N02-N NO -N pH ALK. D.O. Exchanges Temp. (ugli> 3 (mg/L) (mg/L) W!Ll!ay---~-(ug/L) (mg/L) 
Control (no food) 
Test 1 0.6 2.0 0.5 6.8 90.0 8.0 3.8 23.5 
(0.5) (3~0) (0.0) (0 .. 0) (3.5) (0.6) (I. 3) (0.6) 
Test 2 0 .1 5.0 0.7 6.4 91.7 7.0 6.6 24.7 
(0.1) (0.0) (0.2) (0.1) (6.7) (0.3) (1.0) (0.1) 
Test 3 0.4 5.0 0.5 6.7 80.0 8.1 7.7 21.4 
(0.4) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) 
Purina Trout chow No.2 
Test 1 2.0 6.0 0.7 6.8 92.7 7.3 4.8 24.5 
(0.8) (2.0) (0.3) (0.3) (2.2) (0.9) (1.1) (0 .. 5) 
Tetra-min 
Test 1 2.0 8.0 0.8 6.7 91.1 7.8 6.3 24.7 
(0.8) ( 5 .o) (0.3) (0.2) (2.3) (0.8) (1.6) (0.4) 
Test 2 1.0 15.0 0.7 6.6 87.1 7.1 8.0 24 .. 5 
(0.7) (13.0) (0.2) (0 .. 4) (2.9) (0.4) (1.8) (0.6) 
Test 3 4.0 8.0 0.5 7.2 85.0 8.1 8.3 21.3 
(1.9) (4.0) (0.0) (0.1) (4.2) (0.0) (0.0) (0.0) 
Zeigler AP 100 
Test 1 2.0 10.0 0.7 6.6 91.3 7.6 5.2 24.7 
(0.7) (6.6) (0.3) (0.1) (1.8) (0.8) (1.3) (0.5) 
Test 2 1.0 46.0 0.9 6.4 87.7 6.9 6 .. 8 24.8 
(0.5) (47 .Ol (0.2) (0.2) (5.7) (0.4) (1.2) (0.4) 
Test 3 4.0 171.0 0.8 7.3 82.7 8.0 9.6 22.4 
(2.6) (129.0) (0.3) (0.2) ( 4. 7) (0.2) (0.9) (1.6) 
Tetra/Zeigler 
Test 2 1.0 14.0 0.6 6.5 86.9 6.9 7.5 24.7 
(1.0) (5.0) (0.2) (0.3) (3.5) (0.4) ( 1 .1) (0.5) 
indicates statistical significance at P <0.05 
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Table 10. Water quality parameters within culture units fed 
Artemia or Artemia combinations during diet 
studies. Given value is mean of replicates within 
that test for that diet. Value in parentheses is 
the standard deviation. 
NH N02-N 'N03-N pH ALK. D.O. Exchanges Temp. (u&Li> (ui/L) (mg/L) (mg/L) (m&/L) per Pay (~ 
Artemia 
Test 1 1.0 7 .. 0 0.7 6.6 91.2 7.5 6.4 24.7 
(0. 7) (3.0) (0.3) (0.2) (1.5) (0.8) (2.2) (0.5) 
Test 2 1.0 26.0 0.6 6.6 85.1 7.1 7.9 24.5 
{ 1.0) (40.0) (0.2) (0.4) (2 .. 8) (0.4) (1.6) (0.5) 
Test 3 2.0 49.0 0.8 7 .. 2 82.0 7.9 8.3 22.4 
(0.6) (39.0) (0.3) (0.3) (4.0) (0.5) (0.9) (1.6) 
Artemia/Tetra-min * 
Test 3 4.0 32.0 0.8 7.1 83.4 8.0 8.4 22.6 
(1.0) (46.0) (0.4) (0.2) (4.5) (0.3) (1.4) (1.3) 
Artemia/Zeigler 
Test 3 2.0 61.0 1.0 7.2 81.0 8.0 7.5 22.5 
(0.8) (50.0) (0.4) (0.2) (2.2) (0.2) (0.7) (0.5) 
*I indicates statistical significance at P <0.05 
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Aerator 
Figure 1. Top and sida views of reuse system used to 
maintain and breed fathead minnows in the Wet 
Laboratory at SUNY College at Brockport. An 
optional settling basin is included in the 
diagram. 
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Figure 2. Number of days to first egg deposition. There 
were no significant differences (P=0.33). 
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Figure 3. Number of days to spawn greater than 100 eggs in a 
single clutch. There were no significant 
differences (P=0.35). The non-injected fish 
(control) did not produce a spawn of greater than 
100 eggs in tests 1 and 3. 
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Figure 4. Largest number of eggs obtained from a single 
clutch. There were no significant differences 
(P=O.ll). 
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Figure 5. Total number of eggs produced within a seven day 
period. The injected fish produced significantly 
more eggs than the non-injected fish (P=0.04). 
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Figure 6. Top. side and detailed views of system used to 
determine the survival and growth of fathead 
minnow fry maintained on different diets. 
0 
TOP 
water mflow 
SIDE 
Container 
drain hole 
Container 
water level 
Bath 
water level 
DETAIL 
.. 
········ ... : 
•••••••••••••o•••••...., 
.:.. eo. e 0t e e ~ .............. e e e .. e e. 0t II e 0t eO 0t 0t o e' 0 0 • .... 
45 
Con tamer 
water level 
Bath 
water level 
